We calculate the optical potentials of the ground and excited states of cesium in a two-color evanescent field around a thin fiber. We show the possibility of state-insensitive trapping using red-and blue-detuned magic wavelengths.
Recently, a method for trapping and guiding neutral atoms outside a thin optical fiber has been proposed [1] . The scheme is based on the use of a subwavelength-diameter silica fiber with a red-detuned light launched into it. Another method to produce a trapping potential around a thin fiber is to use two far-off-resonance fields, red and blue detuned from the dominant atomic transition [2] . Since the optical trapping requires high spatial gradients of the fields, the light-shifted frequencies of atomic transitions may vary substantially with the position of the atom within the optical trap. This effect leads to unfortunate additional complications in the loading and probing processes. However, we can minimize the spatial dependence of an atomic transition frequency through the use of so-called magic wavelengths, at which the ground state and the excited state have the same light shifts [3, 4] .
In this work, we address the problem of minimizing the spatial dependence of the light shifts of the 6S 1/2 FM ↔ 6P 3/2 F'M' cesium transitions in a two-color evanescent-wave fiber trap.
We calculate the dynamic polarizabilities of the ground state 6S 1/2 and the excited state 6P 3/2 of atomic cesium. We show in Fig. 1 We investigate the light shifts of the 6S 1/2 FM and 6P 3/2 F'M' hyperfine states of the cesium atoms in a two-color evanescent field around a subwavelength-diameter fiber. We show in Fig. 2 the light shifts of the 6S 1/2 FM ↔ 6P 3/2 F'M' transitions of the cesium atoms trapped around the fiber with the propagating lights at the magic wavelengths. The figure shows that the light shifts can be reduced to become less than 14 Figure 2 . Spatial dependences of the light shifts of the 6S 1/2 FM ↔ 6P 3/2 F'M' transitions of cesium atoms in a two-color evanescent field around a vacuum-clad silica-core subwavelength-diameter fiber. The radius of the fiber is a=0.2 µm. The two laser beams are tuned to the wavelengths λ 1 =λ R =934.5 nm and λ 2 =λ B =685.5 nm, with the powers P 1 =11.5 mW and P 2 =48.5 mW, respectively. We show in this figure only the results for the transitions involving the excited-state sublevels that are split from F'=5.
The above result also opens up an opportunity for state-insensitive trapping, i.e., for simultaneous trapping of ground-and excited-state atoms [3, 4] . We show the possibility of state-insensitive two-color optical trapping. We plot in Fig. 3 the optical potentials of the excited-and ground-state atoms for the parameters of Fig. 2 . We observe from Fig. 3 that the excited-and ground-state optical potentials have similar shapes, with deep minima located close to each other in space. This indicates the possibility of state-insensitive two-color trapping of cesium atoms around the fiber. Such a state-independent trapping scheme allows the simultaneous operation of trapping and probing, that is, the operation of trapping with continuous observation during the trapping interval. Kimble [4] have proposed and demonstrated a similar state-insensitive trapping method, which is based on the use of counter-propagating laser beams at a red-detuned magic wavelength [4] . In summary, we have shown that the light shifts of the 6S 1/2 FM ↔ 6P 3/2 F'M' cesium transitions in a two-color dipole trap can be minimized by tuning one trapping light to around 934.5 nm in wavelength and the other light to around 685.5 nm in wavelength. The simultaneous use of the red-and blue-detuned magic wavelengths allows state-insensitive two-color trapping and guiding of cesium atoms along the thin fiber. Our results can be used to efficiently load a two-color dipole trap by cesium atoms from a magneto-optical trap and to perform continuous observations.
